The hide and carcass hygiene of cull cattle at slaughter in four geographically distant regions of the United States was examined from July 2005 to April 2006 by measuring the aerobic plate counts (APC) and the prevalences and loads of Salmonella and Escherichia coli O157:H7. The geometric mean log 10 APC CFU/100 cm 2 levels on hides and preevisceration and postintervention carcasses ranged from 6.17 to 8.19, 4.24 to 6.47, and 1.46 to 1.96, respectively, and were highest in the summer (P < 0.0001). The average prevalences of Salmonella on hides and preevisceration and postintervention carcasses were 89.6% (95% confidence interval [CI], 85.1 to 94.0), 50.2% (95% CI, 40.9 to 59.5), and 0.8% (95% CI, 0.18 to 1.42), respectively. The prevalences of E. coli O157:H7 were 46.9% (95% CI, 37.3 to 56.6) and 16.7% (95% CI, 9.8 to 23.6) on hides and preevisceration carcasses, respectively. Examination of the concomitant incidence of Salmonella and E. coli O157:H7 showed that, on average, 33.3% (95% CI, 15.9 to 69.8) of cattle hide and 4.1% (95% CI, 0.98 to 17.3) of preevisceration carcass samples were contaminated with both pathogens. The pathogen prevalence on hides and carcasses was not significantly affected by the season; however, significant differences were observed between plants with respect to the incoming pathogen load and the ability to mitigate hide-to-carcass transfer. In spite of these differences, postintervention carcass contamination was significantly reduced (P < 0.001), likely as a result of the use of one or more of the processing interventions employed at each of the four processing plants examined.
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Salmonella and Escherichia coli O157:H7 are estimated to cause 1.3 million and 62,000 cases of gastroenteritis, respectively, each year in the United States (30) . Agriculture production environments and animals, including swine, poultry, and cattle, are noted reservoirs of Salmonella and E. coli O157:H7 (1, 37) . Ground beef has been implicated as a mode of transmission for these pathogens in a number of food-borne disease outbreaks (13) (14) (15) . Beef from cull cattle represents approximately 15% of total U.S. beef production, and a majority of this is marketed as ground beef (38, 39) . Often, cattle shedding these pathogens in their feces do so without showing any clinical signs of disease (18, 23, 29) , a factor that complicates efforts geared toward preventing pathogen entry into the U.S. food supply. Many studies on the microbiological hygiene of cattle at slaughter have shown that hide contamination is strongly correlated with carcass contamination, which is likely the result of cross-contamination (inter-and/or intrahide-tocarcass contamination) during processing (3, 11, 21, 28, 33) . The majority of these studies have examined fed-cattle hygiene at slaughter, while fewer have investigated pathogen prevalence associated with cull cattle at slaughter. Increasing our understanding of the variation in the prevalence and load of Salmonella and E. coli O157:H7 contamination present on the hides and carcasses of cull cattle during processing is an important prerequisite for risk analysis and process control point assessment for meat entering the ground-beef supply.
One aspect of determining accurate point assessments of pathogen prevalence is the use of sensitive detection methods. Over the past 2 decades, detection methods for Salmonella and E. coli O157:H7 have undergone substantial improvements. Specifically, the introduction of immunomagnetic separation (IMS) has substantially improved the ability to detect the presence of these pathogens at relatively low levels from a variety of matrices (16, 17, 26, 27) . While a number of studies have described the prevalence of E. coli O157:H7 on cattle hides and carcasses at slaughter using IMS in the process of pathogen isolation (2, 4, 22, 35) , relatively few have examined Salmonella prevalence in this manner (8, 23, 29) . Similarly, few studies have examined the levels (CFU/100 cm 2 ) of these pathogens on cattle hides and carcasses and the extent to which cattle are contaminated with either or both pathogens prior to and during the slaughter process. Here, we report on the prevalence and load of Salmonella and E. coli O157:H7 on cull cattle hides and carcasses presented for slaughter in four geographically distant regions of the United States sampled in four seasons. Both pathogens were isolated using IMS, and the pathogen load was evaluated using rapid direct plating enumeration techniques (12) . Also presented is an examination of the levels of aerobic bacterial contamination in hide and carcass samples and the extents to which they were found to be contaminated with either or both Salmonella and E. coli O157:H7.
MATERIALS AND METHODS
Sample collection. Four processing plants that mainly slaughter cull cows and bulls or dairy cattle in four geographically distant regions of the United States were sampled every 3 months (July, October, January, and April) in a 10-month period from 2005 to 2006. Samples were collected over 2 days on each trip, totaling 8 sampling days per plant. On each sampling day, 95 hide and preevisceration (prior to any intervention) and postintervention (after receiving the full complement of all processing interventions and having been chilled for no more than 2 hours) carcass samples were collected, resulting in a total of 3,040 for each sample type. The hides and carcasses were tagged prior to being sampled so that the samples were matched, and samples were collected consecutively. All samples were shipped in coolers with ice packs and were received and processed at the U.S. Meat Animal Research Center within 24 h of collection.
Hide samples were obtained by swabbing approximately 1,000 cm 2 with a sterile sponge (Whirl Pak; Nascom, Fort Atkinson, WI) prewetted with 20 ml sterile Difco buffered peptone water (Beckton Dickinson, Sparks, MD). Hide samples were collected from the brisket plate region of animals on the line, after stunning and exsanguination and prior to hide removal. Carcass samples were obtained by swabbing approximately 8,000 cm 2 of carcass with two sterile sponges (Nasco), each prewetted with 10 ml buffered peptone water as previously described (4) .
Culture media, aerobic plate counts (APC), enrichment, and enumeration. Hide and preevisceration and postintervention carcass sample enrichments were analyzed for the presence of Salmonella, while only hide and preevisceration carcass enrichments were analyzed for the presence of E. coli O157:H7. Sponge samples were enriched as previously described (4, 10) . Briefly, Difco trypticase soy broth (Beckton Dickinson, Sparks, MD) was added to the sponge samples in a 1:5 ratio and incubated at 25°C for 2 h and at 42°C for 6 h and then held at 4°C until the samples were processed the next day. E. coli O157:H7 or Salmonella was isolated from culture enrichments using IMS as previously described (31) .
For Salmonella isolation, IMS beads were placed into 3 ml of RappaportVassiliadis soya peptone broth (Oxoid, Basingstoke, United Kingdom) and incubated at 42°C for 18 to 20 h. These enrichments were swabbed onto Difco Hektoen enteric medium (Beckton Dickinson) with novobiocin at a concentration of 5 mg liter Ϫ1 and Difco Brilliant Green agar with sulfidiazine at 80 mg liter Ϫ1 (Beckton Dickinson) and then streaked for isolation and incubated at 37°C for 18 to 20 h. Putative Salmonella isolates were confirmed by PCR for the Salmonella-specific portion of the invA gene (32, 34) .
For E. coli O157:H7 isolation, IMS beads were plated directly onto ntChrom-O157 agar (DRG International, Mountainside, NJ) containing 5 mg liter Ϫ1 novobiocin and 2.5 mg liter Ϫ1 potassium tellurite and ctSMac (Difco sorbitol MacConkey agar; Beckton Dickinson) with cefixime at 0.05 mg liter Ϫ1 and tellurite at 2.5 mg liter Ϫ1 . The plates were incubated at 37°C for 18 to 20 h, and putative E. coli O157:H7 colonies were tested for the O157 antigen using the DrySpot agglutination test kit (Oxoid) and further genotypically confirmed as being the O157:H7 serotype with a multiplex PCR (25) .
Enumeration of Salmonella and E. coli O157:H7 was performed as previously described (12) . Hide samples collected in all four sampling seasons were examined using enumeration methods, while for carcass samples, only those collected in winter and spring were evaluated using enumeration methods. Briefly, for pathogen enumeration from hide samples, a 50-l aliquot of each 20-ml sponge sample was spiral plated onto the appropriate selective medium and incubated as described below. For pathogen enumeration from carcass samples, 500 l (for Salmonella) or 300 l (for E. coli O157:H7) of carcass sponge sample was added to 7 ml of phosphate-buffered saline with 1% (vol/vol) Tween 80 (Sigma), and these samples were analyzed by hydrophobic grid membrane filtration using Isogrid membranes (Neogen) and a FiltaFlex spread filter apparatus (FiltaFlex, Ltd.), and the membranes were then placed on the appropriate selective medium.
Salmonella enumeration was performed on XLD tnc medium (xylose lysine desoxycholate medium; Oxoid, Remel) with 4.6 ml liter Ϫ1 tergitol (also known as niaproof; Sigma), 15 mg liter Ϫ1 novobiocin, and 10 mg liter Ϫ1 cefsulodin). The plates were incubated at 37°C for 18 to 20 h and then for an additional 18 to 20 h at room temperature (23 to 25°C) (12) . Up to 10 presumptive Salmonella isolates per plate were tested by PCR as described above (32, 34) . The CFU counts for confirmed Salmonella isolates were adjusted for the percentage of verified isolates per positive sample and then reported as CFU per 100 cm 2 . Enumeration of E. coli O157:H7 was performed on ntChrom-O157 agar (12) . The plates were incubated at 42°C for 18 to 20 h and then inspected for the presence of E. coli O157:H7, and putative E. coli O157:H7 isolates were tested using the DrySpot agglutination test kit as described above. Colonies that gave a positive agglutination reaction were then subcultured to ctSMac and confirmed to be the O157:H7 serotype by PCR as described above. The CFU counts for confirmed E. coli O157:H7 isolates were adjusted and reported as described for Salmonella above.
APC for hide and preevisceration carcass samples were determined by impedance measurements using a Bactometer (bioMérieux, Hazelwood, MO), with a subset of each day's samples also examined in parallel with APC Petrifilm (3 M Microbiology, St. Paul, MN) to construct an APC standard curve. APC values for postintervention carcasses were determined using only APC Petrifilm. Hide samples were serially diluted out to 10 Ϫ3 or 10 Ϫ4 , and then 0.1 ml of the diluted sample was added to 0.9 ml of General Purpose Medium-Plus (bioMérieux) supplemented with 1.8% (wt/vol) dextrose for Bactometer analysis. Preevisceration carcass samples were diluted to 10 Ϫ1 or 10 Ϫ2 prior to dilution in General Purpose Medium-Plus. Hide and preevisceration carcass samples that were evaluated in parallel, using both the Bactometer and APC Petrifilm, were serially diluted out to 10 Ϫ4 , 10 Ϫ5 , and 10 Ϫ6 , and then 1 ml of each dilution was plated on APC Petrifilm and incubated according to the manufacturer's instructions. Initial detection times were converted to CFU per milliliter using a standard curve generated from representative samples examined in parallel with APC Petrifilm. The APC values for postintervention carcass samples were determined by plating 1 ml each of the 10 0 and the 10 Ϫ2 dilutions onto APC Petrifilm. The Petrifilms were incubated at 35°C for 20 to 48 h and were counted manually. All APC values were corrected for their dilution factor, converted to their log 10 values, and reported as CFU per 100 cm 2 . Statistics. The APC data are reported as the geometric mean log 10 CFU/100 cm 2 with the 95% confidence interval (CI). Data were analyzed by season (8 sample days per season; 2 days at each of four plants) or by plant (8 sample days per plant; 2 days in each season). Salmonella and E. coli O157:H7 prevalence values were calculated by dividing the number of culture-positive samples by the total number of samples collected (n ϭ 95 per sample type per day). The percent prevalence on hide and carcass samples was determined for each sample day and reported as the mean and standard deviation (SD) of 8 sample days per season or per plant. The percentage of hide and carcass samples found to be enumeration positive was also analyzed by season or by plant and reported as the mean percent enumerable (ϮSD), the median value (CFU/100 cm 2 ), and the minimum and maximum values observed for the enumerable samples. Comparisons of seasonal or plant prevalence values, percent enumerable, and arithmetic mean APC values were examined using a one-way analysis of variance (ANOVA) and the Bonferroni multiple-comparison posttest. Comparisons of median values of enumeration data sets were made using the Kruskal-Wallis test for nonparametric data and Dunn's multiple-comparison posttest. Comparisons of data sets with only two groups of values were made using either a two-tailed unpaired t test or the Mann-Whitney U test for nonparametric data. Interactions between plant and season hide prevalence values were examined using a 4-by-4-by-2 ANOVA factorial analysis. Data were analyzed using Prism 4 GraphPad software, and P values of less than 0.05 were considered significantly different.
In order to examine the extent of concomitant contamination with Salmonella and E. coli O157:H7, samples were evaluated for the presence of each pathogen using both the enrichment and the enumeration techniques described above, and the results were then scored using the following value definitions. Hide samples that were enumeration and enrichment negative were assigned an arbitrarily low value of 0.1 CFU/100 cm 2 (equivalent to Յ1 CFU/1,000 cm 2 , a value that would likely result in a sample enrichment testing negative) so that they could be evaluated in context with the other numerical data. Hide samples that were enumeration negative but enrichment positive were assigned a value of 5 CFU/ 100 cm 2 (equivalent to 50 CFU/1,000 cm 2 , which is below the likely enumerable range). Data from enumeration-positive samples, regardless of pathogen, were binned (CFU/100 cm 2 ) as follows: 40 to 400, 440 to 800, 840 to 1,600, 1,640 to 2,400, 2,440 to 3,200, and Ͼ 3,240. The geometric mean of each bin and the percentage of samples in each bin were then calculated. Carcass samples that were negative for both enumeration and enrichment were assigned a value of 0.01 CFU/100 cm 2 (equivalent to Ͻ1 CFU/8,000 cm 2 ). Those that were enumeration negative but enrichment positive were assigned a value of 0.2 CFU/100 cm 2 (equivalent to 16 CFU/8,000 cm 2 ). Samples that were enumeration positive were binned (CFU/100 cm 2 ) as follows: for Salmonella, the ranges were 0.5 to 5.0, 5. 
RESULTS
Aerobic microbial loads on hides and carcasses. Examination of the aerobic microbial loads on the hides of cattle at slaughter showed that the geometric mean APC was highest in the summer (P Ͻ 0.001) and ranged from log 10 6.17 to 8.19 CFU/100 cm 2 ( Table 1 ). The geometric mean of APC counts for preevisceration carcasses in the dressing process ranged from log 10 4.24 to 6.47 CFU/100 cm 2 and also was highest in the summer (P Ͻ 0.001). An estimate of the hide-to-carcass transfer (HTCT) of bacterial contamination was calculated by determining the ratio of APC contamination present on preevisceration carcasses (which should theoretically be sterile) to the APC level determined on hides. The results of this analysis showed that average HTCT values were lowest in winter, when the APC levels on hides were generally lower. All plants sampled used a combination of multiple-hurdle interventions, including steam vacuum, hot water, and a final organic-acid wash. The use of one or more of these interventions resulted in a consistent and generally low APC level on postintervention carcasses, which ranged from log 10 1.46 to 1.96 CFU/100 cm 2 . Analysis of the APC data collected from each plant over the course of the study showed that the arithmetic mean load on cattle hides was significantly higher at plant A than at the other three plants (P Ͻ 0.001) and the mean load on preevisceration carcasses was significantly higher for plant B (P Ͻ 0.001), while the arithmetic mean APC on postintervention carcasses was significantly higher in plant C (P Ͻ 0.001) ( Table 1) . Examination of the log 10 geometric mean APC values present on preevisceration carcasses in relation to those present on hides showed that plant C appeared to have the lowest HTCT values (0.5% Ϯ 0.3%), while plant B had the highest (5.8% Ϯ 3.7%). This difference was consistent with the significantly higher average APC value on preevisceration carcass samples from plant B (Table 1) .
Salmonella prevalences and loads on hides and carcasses. No significant seasonal effect was detected for the prevalence of Salmonella on hides (P ϭ 0.67), which ranged from 86 to 94% ( Table 2 ). The percentages of hide samples yielding enumeration results (those with a Salmonella load of ϳ40 CFU/ 100 cm 2 or greater) ranged from 9 to 21% across seasons and also were not significantly different (P ϭ 0.24). However, the median value of enumerable samples was significantly lower in the spring than in the other three seasons (P Ͻ 0.0001). Preevisceration carcass prevalences were consistent and ranged from 44 to 55%, and the percentages of preevisceration carcass samples in the winter and spring that were in the enumeration range (ϳ0.5 CFU/100 cm 2 or greater) varied from 5 to 13%. The median loads of Salmonella in these enumerable samples were 1.0 and 0.5 CFU/100 cm 2 , respectively ( Table 2 ). Analysis of Salmonella prevalence and enumeration data by plant showed that the hide prevalences of animals entering processing facilities were similar (85 to 93%), and the percentages of samples with a Salmonella load high enough to be enumerated were not significantly different between plants (P ϭ 0.89). However, the median value for enumerable hide samples was significantly lower in plant D than in plant A (P ϭ 0.02). Examination of average preevisceration carcass prevalence values for Salmonella also revealed significant differences between plants (Table 3) . Specifically, the percentage of preevisceration carcasses found to be contaminated with Salmonella was significantly lower at plant C than at plant B (P ϭ 0.01). These data are consistent with the APC data and the calculated HTCT values summarized in Table 1 .
The prevalence of Salmonella on postintervention carcasses was significantly decreased by one or more of the processing interventions employed (P Ͻ 0.001) and was found to vary from 0.1 to 1% (Tables 2 and 3 ). In the course of this study, only one postintervention carcass was found to have Salmonella present at a level that could be detected with the enumeration methods employed. This sample was identified at plant D in winter, and the calculated Salmonella concentration was in the range of 0.01 to 0.07 CFU/100 cm 2 . E. coli O157:H7 prevalences and loads on hides and carcasses. The prevalence of E. coli O157:H7 on hides and carcasses was lower than that of Salmonella, ranging from 39 to 56%, and no significant seasonal effect was detected. The prevalences on preevisceration carcasses were consistent and ranged from 14 to 20% (Table 4 ). The percentages of hide samples found to contain E. coli O157:H7 at enumerable levels ranged from 0.4 to 6%, while those of preevisceration carcass samples in the winter and spring were approximately 3 and 2%, respectively (Table 4) , and the median value of these enumerable carcass samples was found to be significantly lower in spring than in winter (P ϭ 0.008).
Analysis of the E. coli O157:H7 prevalence in each plant showed significant differences between plants in the incoming load of E. coli O157:H7, as seen by plants C and D exhibiting a higher percent hide prevalence than plants A and B (P ϭ 0.0005) ( Table 5 ). The prevalences on preevisceration carcasses ranged from 7 to 42% (Table 5) , and in keeping with the results for APC and Salmonella levels, plant C was found to have one of the lowest average percent prevalence values for E. coli O157:H7 on preevisceration carcasses, despite having one of the higher average hide prevalence values (Table 5 ). The percentages of hide samples that carried E. coli O157:H7 at enumerable levels ranged from 0.3 to 9%, with plant D having a significantly higher percentage of enumerable hides (P ϭ 0.001). The hide prevalence and load in plant D were reflected in a significantly higher percent preevisceration prevalence value (P ϭ 0.0001), as summarized in Table 5 . Concomitant contamination of hides and carcasses with Salmonella and E. coli O157:H7. Analysis of paired hide and carcass samples collected from all four plants in the winter and spring of 2006 (n ϭ 1,520) showed that on average 33.3% (95% CI, 15.9% to 69.8%) and 4.1% (95% CI, 0.98% to 17.3%) of cattle hides and carcasses, respectively, were contaminated with both Salmonella and E. coli O157:H7. A substantial proportion of samples were found to be contaminated with Salmonella alone, as 36.6% (95% CI, 20.0% to 67.0%) of hides and 35.9% (95% CI, 25.2% to 51.3%) of carcasses were found to be contaminated with Salmonella but not E. coli O157:H7. This was in contrast with the small percentage of samples found to be contaminated only with E. coli O157:H7, 1.1% (95% CI, 0.2% to 6.7%) and 2.7% (95% CI, 1.1% to 6.7%) for hides and carcasses, respectively. Hides found not to be contaminated with either pathogen were uncommon (3.7% [95% CI, 0.5% to 29.2%]), while carcasses were frequently determined not to be contaminated with either pathogen (35.3% [95% CI, 16.5% to 75.3%]).
In order to further examine the incidence of contamination with either or both Salmonella and E. coli O157:H7, the load of each pathogen (CFU/100 cm 2 ) and the percentage of hides and carcasses found to be contaminated with neither, either, or both pathogens at the indicated levels were plotted (Fig. 1) . These plots show the considerable variation that was observed between plants in terms of the incoming pathogen load and concomitant HTCT. As seen in Fig. 1 , cattle hide samples in plants A and B were predominantly found to be contaminated with Salmonella and to a lesser extent with E. coli O157:H7, while hide samples in plants C and D were contaminated to a greater extent with both pathogens. Presenting the data in this way also demonstrates the correlation between enumerable pathogen levels on hides and those on preevisceration carcasses, a likely result of processing cross-contamination, as seen most prominently in the graph of the data from plant D (Fig. 1) .
DISCUSSION
Studies describing the hide and carcass hygiene of cull cattle at slaughter are few and yet are important with respect to food safety, as a large portion of the meat obtained from these animals is processed into ground beef. Ultimately, the hygiene of cull cattle at slaughter has an important impact on the incidence of food-borne disease outbreaks that are attributed to the consumption of undercooked ground beef. In this study,
FIG. 1. Examination of coincident contamination with
Salmonella and E. coli O157:H7 on cattle hides and carcasses at slaughter. A total of 380 hide and carcass samples were collected from each of four plants in the winter and spring (95 samples each day; 2 days each season). The samples were evaluated for the presence of each pathogen using both the enrichment and the enumeration techniques described, and the results were scored using the definitions described in Materials and Methods. The samples were binned according to the outcome, and the geometric mean and percentage of samples in each bin were then calculated. The circles represent the percentages of cattle hide and carcass samples at each plant that were found to contain neither (indicated by white circles), either (indicated by gray circles), or both (indicated by black circles) Salmonella and E. coli O157:H7, and the geometric mean pathogen load is indicated by the position in the plot of E. coli O157:H7 CFU/100 cm 2 versus Salmonella CFU/100 cm 2 . Ec., E. coli; Sal, Salmonella; neg, negative.
we examined the hide and carcass hygiene of cull cattle at slaughter and found that on average, approximately 1% of the aerobic load on hides appeared to be transferred to preevisceration carcasses in the dressing process. Use of one or more of the multiple-hurdle processing interventions employed effectively reduced this contamination, however, by an average 3.5 log units. Numerous studies have reported seasonal effects on the prevalence of Salmonella and E. coli O157:H7 (1, 19, 20, 35) . In this study, we found no statistically significant differences between seasonal prevalence values. However, significant differences were observed for the median enumeration values determined in each season. Specifically, Salmonella contamination levels on hides and E. coli O157:H7 levels on carcasses were both found to be lowest in the spring (P Ͻ 0.0001 and P ϭ 0.0082, respectively). The lack of a seasonal effect on the pathogen prevalence values observed in this experiment may have been due in part to differences in the geographical locations of the packing plants sampled compared to those studied in our evaluation of the effects of seasonality in fed-beef plants (8) , where the cattle sampled were predominantly from one region of the United States (the Midwest). Additionally, plants that slaughter cull cows and bulls tend to obtain animals from a broader area than fed-beef plants. For each of the plants studied in this experiment, the cattle sampled included a number of animals that were sourced from markets or operations located over 1,200 km from the packing plant. For three of the four plants, less than half of the animals sampled originated from the same state as the plant where they were processed. The cattle sampled in this experiment originated from 33 of the 48 continental United States, with 6 to 14 states represented in each of the plants sampled. Therefore, at any time of the year, cattle entering cull beef plants may have originated from a variety of environments, and as a consequence, seasonal effects would be muted.
Another factor likely to have influenced the prevalence values determined in this study is that Salmonella and E. coli O157:H7 prevalence is typically higher on cattle hides at slaughter than on the hides of cattle sampled on farms, in part because of transportation and lairage effects (1). Arthur et al. have shown that the E. coli O157:H7 hide prevalences of the same animals increased from 50.3% as measured at the feedlot to 94.4% at slaughter (2). Barham et al. have demonstrated that the average cattle hide prevalence for Salmonella increased from 6% to 89% as measured before transport and after slaughter (7) . Similarly, Fluckey et al. showed Salmonella prevalence to increase from 35%, as measured on animal hides at the feedlot, to 84% on the hides of the same animals at slaughter (24) . In this study, we found the average Salmonella hide prevalence at slaughter to be 89.6%, while that of E. coli O157:H7 was 46.9%. Given the relatively high level of contamination observed on cattle hides at slaughter and that IMS was used for pathogen isolation from culture enrichments, it is not surprising that a seasonal effect was not observed. It is also noteworthy that the prevalence values determined in this study were from hides sampled at one site (1,000 cm 2 of the brisket plate region). Given the nonuniform distribution of pathogen contamination on hides, sampling at multiple hide sites would likely show even higher prevalence values.
A unique aspect of the data collected in this study regarding the levels of Salmonella and E. coli O157:H7 on cull cattle hides and carcasses centers on the analysis and presentation of the enumeration data. Using the rapid and direct methods described, enumeration data were collected for 18.5% and 11.4% of 1,520 hide and carcass samples (samples found with pathogen levels in the enumeration range), respectively. Analysis of these data allows not only an examination of the extent to which cattle hides and carcasses were coincidently contaminated with Salmonella and E. coli O157:H7, but more importantly, a description of the observed variation in both the incoming load and the resultant transfer to carcasses via crosscontamination during the dressing process (Fig. 1) . It should be noted that the reported enumeration values are likely underestimates of the actual pathogen levels. This is in part due to the sampling error associated with the enumeration methods employed, especially when pathogen levels are near the limits of detection of the methods (12) , but perhaps to a greater extent because of the selective media used in evaluating the pathogen load. As a result, only a fraction of the pathogens present grow, due to either injury or other phenotypic determinants. However, in spite of these caveats, the use of direct plating enumeration methods can provide valuable baseline information. The results of this study are in keeping with those reported from other research laboratories, which have previously described the efficacy of direct plating enumeration methods (26, 36) . Large-scale enumeration data, generated using methods such as those employed in this study, are important for process modeling and risk assessment analyses. Moreover, the prevalence and enumeration data collected in this study allow the correlation between hide and carcass contamination to be visualized in a way not previously described (Fig. 2) . Many studies have shown that cattle hide contamination is transferred to carcasses in the processing environment (2, 5, 9, 21) . These analyses typically involved examination of the pulsed-field gel electrophoresis patterns of isolates collected from hide and carcass samples, but little information was available to model the cross-contamination process. In this study, hides and carcasses were tagged so that they were matched and were sampled consecutively. As a consequence of this sampling scheme, it was possible to plot the prevalence and enumeration results obtained from these samples consecutively. Plotting the data in this fashion demonstrated that enumerable pathogen levels on hides and carcasses often clustered on the processing line and that these clusters were frequently correlated with lots (Fig. 2) . Further examination of the comparison of enumeration and prevalence data from paired hide and carcass samples showed that animals entering the processing line with enumerable pathogen levels on their hides frequently coincided with preevisceration carcasses that were also contaminated (Fig. 2) . These data not only demonstrate the considerable variation in the incoming pathogen load on cattle hides, but also illustrate the differences between plants in their abilities to prevent cross-contamination between hides and carcasses in the dressing process. As a case in point, the Salmonella hide prevalence in the data set depicted in Fig. 2C1 was 93 .7%, similar to that in Fig. 2D2 , which was 98.9%, and yet the resulting preevisceration carcass prevalence for the data set depicted in Fig.  2C1 was 38.9% while that in Fig. 2D2 was 84.2%.
Previous studies have shown that multiple-hurdle processing interventions effectively reduce carcass contamination (6), conclusions that are supported by this study. However, ultimately the utility of carcass-processing interventions is dependent upon the level of pathogens entering the plant. As shown here, the interventions employed at each of the four abattoirs substantially decreased carcass contamination with Salmonella an average of 98.4% (95% CI, 97.6% to 99.7%). It is intuitive that lower pathogen levels on hides at slaughter should result in lower pathogen levels on carcasses, but as the slaughter process is multifaceted, so are the factors that affect the extent of contaminated postintervention carcasses, such as the effective use of multiple-hurdle interventions and the skill, training, and experience of plant personnel. In summary, the results presented here provide data on hide and carcass pathogen levels during the harvesting process that have previously been unavailable. These data indicate that the continued development and implementation of intervention strategies that reduce hide pathogen levels are key elements in the effort to decrease the incidence of postintervention carcass contamination with Salmonella or E. coli O157:H7.
